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PICTURE FUZZY HYPERSOFT TOPSIS METHOD 
BASED ON CORRELATION COEFFICIENT 


V. CHINNADURAI AND A. BOBIN 


ABSTRACT. Considering today’s complexity, we may have to deal 
with numbers that are dependent, like those of positive, neutral 
and negative values and require multi- attributes function. Also, 
the most significant factor is to combine these numbers to generate 
a single real number. When decision-makers come across such an 
environment, the decisions are harder to make and decision makers 
cannot use the soft set theory, a single attribute function. To over- 
come this hindrance, we introduce the notion of picture fuzzy hyper- 
soft set with technique of order of preference by similarity to ideal 
solution (TOPSIS) method. This eventually helps the decision- 
maker to collect the data without any misconceptions. We present 
some properties of the correlation coefficient and aggregation oper- 
ators on it. Also, we propose an algorithm for the TOPSIS method 
based on correlation coefficients to identify a suitable leader, who 
can bring changes to society in the socio-political context. Finally, 
we present a comparative study with existing studies to show the 
effectiveness of the proposed method. 
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1. INTRODUCTION 


Zadeh [27] defined the concept of fuzzy set (FS). The membership 
value of each element in FS is specified by a real number from the closed 
interval [0,1]. Atanassov [4] proposed the notion of intuitionistic fuzzy 
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set (IFS), an extension of FS. In IFS, the elements possess both member- 
ship and non-membership values such that their sum does not exceed 
unity. Smarandache [9] presented the idea of neutrosophic set (NS), 
characterized by the values of truth, indeterminacy, and falsity grades 
for each element of the set. Later, Wang et al. [25] proposed the notion 
of single-valued NS (SVNS) with a restricted condition for the member- 
ship values to overcome the constraints faced in NS. Bui Cong Cuong 
defined the concept of picture fuzzy sets (PFS), an extension of FS 
and IFS. Molodtsov [16] introduced the concept of soft set (SS) to deal 
with uncertainties. Smarandache [10] presented the idea of hypersoft set 
(HSS) to overcome the restriction faced in soft set. 

Khalil et al. [15] presented the notion of interval-valued PFS and 
studied some of its properties. Wei [26] presented the concept to mea- 
sure the similarity between PFS. Ganie et al. [11] introduced the idea 
of correlation coefficient (CC) in PFS. Mohamed Abdel-Basset et al. [1] 
presented the concept of type-2 neutrosophic numbers and presented a 
real case study using the technique of order of preference by similarity 
to ideal solution (TOPSIS). Mohamed Abdel-Basset et al. [2] com- 
bined the neutrosophic analytical network process (ANP) method and 
the ViseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) 
method for solving supplier chain management problems. Arora and 
Harish [3] studied the properties of aggregation operators on IFS. En- 
dalkachew Teshome Ayele et al. [24] proposed a method for traffic sig- 
nal control using interval-valued neutrosophic soft sets. Ejegwa et al. 
[6] used intuitionistic fuzzy correlation measure and programming lan- 
guage in the medical diagnosis field. Harish and Rishu [12] proposed 
TOPSIS method based on correlation measures on IFS to solve multi- 
criteria decision making (MCDM) problems. Jana and Pal [14] used the 
concept of aggregation operators on SVNS for solving MCDM problems. 
Rahman et al. [18] generalized the concept of complex fuzzy soft struc- 
tures to hypersoft structure to handle MCDM problems. Rahman et 
al. [19] established the properties of convex and concave HSS. Rahman 
et al. [20] discussed the significance of neutrosophic parameterized HSS 
(NPHSS) with decision making problems. Saeed et al. [23] studied the 
fundamental concepts of HSS theory. Rahman et al. [21] introduced the 
notion of bijective HSS and studied some of its properties. Rahman et 
al. [22] conceptualized the properties of NPHSS with FS and IFS. Ihsan 
et al. [13] generalized the concept of soft expert set to hypersoft expert 
set to solve MCDM problems. Rana Muhammad Zulgarnain et al. [28] 
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introduced the concept of intuitionistic fuzzy HSS and used the TOPSIS 
method based on CC. Rana Muhammad Zulqarnain et al. [29] studied 
the fundamental operations of interval-valued neutrosophic HSS. Saqlain 
Muhammad et al. [17] defined aggregation operators on neutrosophic 
HSS and studied some properties. 

A single attribute function like 5S does not handle today’s real-life 
applications. HSS, an extension of SS, can overcome this limitation by 
using the multi-attributes function. Also, HSS can be applied to any 
multi-criteria decision-making (MCDM) problems with no limitations 
to the attributes by the decision-makers (DMs). By combining HSS 
with other hybrid fuzzy structures, DMs can collect the data without 
loss of information. In PFS, the values of positive, neutral, and neg- 
ative depend on each other, and the sum of these grades cannot be 
greater than one. Therefore, this study aims to develop a new theory, 
picture fuzzy HSS (PFHSS) by combining structures of PFS with HSS. 
Also, helps to rank the alternatives using aggregation operators and the 
TOPSIS method based on CC in PFHSS. To the best of our knowledge, 
research on PFHSS is confined to its theory and related development 
and applications. Here, we examine and provide a suitable solution to 
the decision-making problem by ranking the alternatives. We discuss 
an MCDM problem based on the TOPSIS method. We show the ef- 
fectiveness of this method through the selection of a leader who can 
influence society in a socio-political context. To prove the efficiency of 
the proposed method, we illustrate a comparative analysis between the 
proposed and existing method with examples. We show the PFHSS as 
a robust tool to decide under uncertainties. 

The manuscript consists of the following sections. Section 2 briefs on 
existing definitions. Section 3 introduces the concept of PFHSS and dis- 
cusses some properties of CC and weighted CC of PFHSS. Section 4 deals 
with picture fuzzy hypersoft weighted average operator(PFHSWAO) and 
picture fuzzy hypersoft weighted geometric operator (PFHSWGO). Sec- 
tion 5 highlights the combination of CC with the TOPSIS method. The 
paper ends with a conclusion in section 6. 


2. PRELIMINARIES 


We present some of the basic definitions required for this study. Let us 
consider the following notations throughout this study unless otherwise 
specified. Let V be the universe and v € VY, P(V) the power set of V, N 
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represents natural numbers, and PY the collection of Picture fuzzy sets 
(PFS) over V. 


Definition 2.1. [27] A fuzzy set (FS) is aset of the form F = {(v, Pr(v)) : 
v € V}, where Pr(v) : V — [0,1] defines the degree of membership of 
the element v € VY. 


Definition 2.2. [4] An intuitionistic FS (IFS) is an object of the form 
C = {(v,Pe(v), Ne(v)) : v € V}, where Pe(v) : V > [0,1] and Ne(v) : 
VY — (0, 1] define the degree of membership and degree of non-membership 
of the element v € V, respectively and for every v € V, 0 < Pe(v) + 
Ne(v) < 1, where me(v) = 1 — Pe(v) — Ne(v). 


Definition 2.3. [5] A PFS in V is an object of the form 2 = {(v, Pa(v), 
Ea(v),Na(v))}, where Po(v), Ea(v),No(v) : V — [0,1], are the mem- 
bership values of positive, neutral and negative of the element v € V 
respectively, such that 0 < Po(v) + En(v) +No(v) < 1 and the degree 
of refusal membership is 1 — (Pe(v) + Ea(v) + Na(v)) Vu € V. 


Definition 2.4. [16] A pair (O,€) is called a soft set (SS) over V, if 
O:€ + P(V). Then for any p € €, O(p) = 1 is equivalent to v € O(p) 
and O(p) = 0 is equivalent to v ¢ O(p). Thus a SS is not a set, but a 
parameterized family of subsets of V. 


Definition 2.5. [10] Let Aj, Ao,..., Ax, be distinct attribute sets, whose 
corresponding sub-attributes are Ay = {Aj1, Ai2,..-, Arg}, Ae = {Aa1, d22, 
isip Ada byte Ng = {AXg1, AK2,---) Aen}, Where 1 < f<p,l<g<q1< 
h<randp, gq, r €N, such that A;N A; = 9, for each i,7 € {1,2,..., k} 
and i # j. Then the Cartesian product of the distinct attribute sets 
A, x Ap x... X Ap = A= {Aig X Aag X «. X Aka}, Yepresent a col- 
lection of multi- attributes. A pair (Q,A) is called a hypersoft set 
(HSS) over Y, where 9 : A + P(V). HSS can be represented as 


(0, A) = {(A.20))\ < A,a(i) € py} 


3. PICTURE FUZZY HYPERSOFT SET 


We now present the notion of picture fuzzy hypersoft set (PFHSS). 
Also, we discuss some basic properties of correlation coefficient (CC) 
and weighted CC (WCC) on PFHSS. 


Definition 3.1. A pair (, A) is called a PFHSS over V, where (2 : A > 
PY’. PFHSS can be represented as (2, A) = {(A, Q(A))|A € A, QA) € 
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PY e [0,1]}, where Q(A) = {(v, Pag (Ean) Nagy) lve v}, 
Pai) (v), Eq) (v) and Noi) (v) represent the membership values of posi- 
tive, neutral and negative, such that 0 < Pos) (v) +Eg ay (¥) tWaay(v) S 

1 and degree of refusal membership is 1—(Pe(x)(v pene y(v 4Noc )(v)). 


Example 3.2. Let V = {v1, v2, v3} be a set of sociologists responsible to 
evaluate a leader, the role of the leader is to bring socio-political changes 
to society. Let A;, Ay and Az be distinct attribute sets whose corre- 
sponding sub-attributes are represented as A, = leader attributes = 
{Au = personality variables, Aj2 = cognitive ability and skills, 
A13 = sense making}, A> = leader behavior = {X21 = setting sub culture, 
A22 = conflict management }, A3 = group behaviors = 
{A31 = living the sub culture}. Then A = A, x Ag x Ag is the distinct 
attribute set given by 
A = Ai x Ao x A3 = {A11, A12, A13} x {\21, A22} x {A31} . 

={(A11, A2zt, 31); (Arn, A22, 31); (Ara, A2t, A3i); (Arz; A22, 31); 

(A13, A21, Azz), (A13, Aza, Azi) }. 

={\1, do, X3; Ma, Xs; Xe}. 
A PFHSS (Q, A) is a collection of subsets of V described by the sociol- 
ogists for a leader and presented in tabular form below. 


TABLE 1. Leadership skills of a leader in PFHSS (Q, A) form. 


Vv AL dA2 AZ v4 AS Ae 


wv (0.4,0.1,0.5) (0.2,0.5,0.1) (0.8,0.1,0.1) (0.7,0.1,0.2) (0.1,0.4,0.3) (0.7,0.1,0.1) 
v2 (0.2,0.2,0.3) (0.4,0.1,0.4) (0.5,0.3,0.1) (0.4,0.2,0.4) (0.3,0.4,0.2) (0.5, 0.2, 0.1) 
v3 (0.4,0.3,0.3) (0.3, 0.2,0.4) (0.2,0.1,0.7) (0.3, 0.2,0.5) (0.2,0.4,0.3) (0.3, 0.3, 0.2) 


3.1. Correlation coefficient for PFHSS. Let 7 
(Q4, Ai) = { (vi, Po, (i,) (%)» Ear, (i) (Mi) No, (5, Ui)) [0% — v} and (Qo, A>) = 
{ (vi, Po, i, (%)» Engi, (Yi) Nona, (Mi) vi € V} be two PFHSS over V. 


Definition 3.3. Let (01,1) and (Q2,A2) be two PFHSS. Then the 
picture fuzzy informational energies of (01, A1) and (Q2, Ag) are repre- 
sented as 


(3.1) (01, Ar) = STD | Pay ayy (i)? + Eng a) OD)? + Mai, )? | 


i=l 


iM 
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(Pos (ix ) (v;))? Se (Eq,(5,,) i)? + (Nog (5,,) Yi))? 


(3.2) ®(Q2, Ag) = >» 2 


Definition 3.4. Let (01,A1) and (Q2,A2) be two PFHSS. Then the 
correlation measure between (;, A;) and (Q2, Ag) is defined as 
(3.3) 


zs { (Por (5g) 0) * Porgy) Mi) 


1i=1 


F Eo ig) OD) * Eng 5p) CI) No 4) OD) * Nog gy OD) 


Ms 


Cm ((91, Ar), (Q2, A2)) = 


> 
ll 


Proposition 3.5. Let (0, Ai) and (Q2, Ag) be two PFHSS. Then, 
(i) Cm ((Q1, Ar), (Q1, Ar)) = (01, Ai) 
(ii) Cu ((M2, Az), (Q2, A2)) = ®(Q2, Ad). 


Proof. Straight forward 


Definition 3.6. Let (0, A1) and (2, Az) be two PFHSS. Then, the 
CC between (9), A) and (Q2, Ag) is given by 


Cu ((Q1, Ai), (Qa, A2)) 
/®(1, Ar) (Qa, Aa) 


(3.4) Co((Q1, Ar), (2, Av)) = 


Proposition 3.7. Let (1, A,) and (Q2, Ag) be two PFHSS. Then, the 
following CC properties hold: 

(i) 0 < Ce((Q1, Ar), (Q2, A2)) <1 3 q 

(ii) Co((Q1, Ar), (Q2, Ag) = Co((M2, Ae), (1, Ar); 

(102) If (Q4, Ay) = (Qo, Aa), then Co((Q1, Ai), (Qo, A2)) =] 


Proof. (i) Obviously, Co((M1, Ar), (Q2, Az)) > 0. Now, we present the 
proof of Co ((OQ1, Ai), (Q2, Ac)) < 1 


m 


Cm ((OQ1, Ai), (Q2, Az)) =s55 [Pari oo) * ) * (Po, (5,) a) a (Eq, (5,) (a))* 
k=1i=1 


(E009 (5) (A) + Mo, 5) MA) * Mog 5,) (Mi) 
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mie (Gene * (Poy 5) 1) + En, 4,901) * Co, )) 
k=1 

+ Win 643010) * Nag ayy) + (Pay ciyy02)) * Pag iy (2) 

+ (Eq, 5) (02) * Erg (ig 2) + Nor, 5 (02)) * Winacix)(0))) a 


+( (Pay, (0) - (Pos (i,) Mn) + (EQ, (5,,) (Yn) ms (EQ, (5,) en) 


+My) (0) * Wagtdyy(%n)) ) | 
By applying Cauchy-Schwarz inequality, we get 
Cas((1, An), (2, Aa)? < ~ {Poy gy)? + Paci 02)? + + Pay yy (0nd)? } 
+ {Cady (o0)? + (Eo, (54) (02))? + + Ea, i y(om))?} 
+ { Way ayy)? + Woy yy (02)? + + Woy ayy (On)? H] x 
5 {Pong iy)? + (Prag ayy 02))? + + Pag ayy (0nd)? } 
+ {Caan (00)? + (Ena (i,)(02))? + + Engtiyy(om))?} 


a {Waa (00)? + (No, ¢4,)(02))? + + Neng, (md)? } 


Cas ((O1, Ar), (M2, Aa)? < SOO [Parc (od)? + (Eq, (5,) (vs)? + Ward)? 
i=1 


> Cu ((Q1, Ar), (Q2, Az)) < ®(01, Ai) x ®(Q2, Ag). 
= Crp((1, Ar), (2, As) < (M1, Ar) x (M2, Aa). 
Cau ((91,A1),(Q2,A2)) ei 
V/O(91,A1) x V/P(Q2,A2) — 7 - 
By using Definition 3.5, we get Co((1, A1), (M2, Ag)) < 1. 
Hence, O0< Co((Q1, Ar), (Q2, A)) <1. 


Proof. (ii) Straight forward. 


Cur ((21,A1),(Q2,A2)) : 
VV 0(01,A1)x /8(M2,A2) 


Proof. (iii) Co((M, At), (Q2, Az)) = 
Since, (%, A1) = (M2, Ao). 
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Co((M1, Ar), (M2, Aa) 


2 » [Pasig (o)?? + (Engi, ())? ma Waa)? 


k= 
we D | Paacig (oo)? + (E0,(4,) (i)? + Wana. (o)?| 
k : 


= 
\ me { Poa (in) Ud)? + Engi, i)? + Waa, (0)? 


=> Co((M1, Ar), (M2, Ae)) = 


Definition 3.8. Let (0,1) and (2, Az) be two PFHSS. Then, the 
CC between (Q), A;) and (Q2A2) is defined as 


Coa (M1, Ar), (Q2, Az) 
max {o( (91, Ai), (2, Ay) 


(3.5) Co((M1, Ar), (Q2, A2)) = 


Co((M1, A1), (Q2, Ae)) 


Dees [ (Pay gy Mi) * Pary igy MD) + (Eng gy (4) * (Eng (Ay) (4) 


k=1i=1 
+ War 6.) (0) * Maga %)| 


ee { 3 ss [ (Po, (5,9 ))? + (Eq, (5,) i)? + Wag ??) 


k=1i=1 


eee | Pasco)? + (Eon, (5,) (8)? + Nara, (o)?| } 


Proposition 3.9. Let (Q;, A,) and (Q2, Az) be two PFHSS. Then, the 
following CC properties hold: 

(i) 0 < Co((M1, Ar), (Q2, Ae)) < 

(ii) Co((Q1, Ar), (Q2, Ae)) = Gl (®a, Aa) (Q1, A1)); 

(102) If (Q4, Ai) = (Qo, Ao), then Co((M1, Ai), (Qo, Ag)) = 


Proof. (i) Obviously, Co((Q1, Ar), (Q2, Az)) > 0. Now, we present the 
proof of Co((M1, Ai), (Q2, A2)) <1 
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Cus((1, Ar), (M2, As) 
= LY [Carin (09) Pagig (0) + Eni cigl) 
(Enacay 0) + Man Gay 0))* Magan (0) 
5  (Paxcan (tad) * (Pagcyy(%0)) + Endl) 
(Ena cyy(00)) + Way) (01)) * Magy (00) )+ 
( (Pac (02)) * (Paci (02)) + Eni) (02)) # Enya (t2))+ 
(No c,)(02)) * — ate 
+ ( Paxie)(0»))# (Poy uy (2) + (Enc, (00) # Ent?) 
: 


No, i.) (¥ n))* (No, (i,) »))] 


By applying Cauchy-Schwarz inequality, we get 
Cu ((Q1, Ar), (M2, A2)) 


= { » {Pasay eo? + (Po, 4) (02))" Fe (Paya (em))?} 
k=1 


+f Ena OV? + Enya (oa))? + + Edin (on))?} 


+ { Waray)? a5 (No, (ig) (02) Fe No, cayy(on))*}] x 


1 


1 
? { Enna)? + (Eqn igy (02)? + + Enacuy (em)? } 


uy (Nora ig (01))” + No (5, (¥2))” Fie $F Nantigy(on))*}] 


Picture fuzzy hypersoft TOPSIS method 95 


Cu ((O1, Ar), (M2, Ad) 
< pPs | Payayy(0) + (Eq, 5,) (v8)? + Moy 5,9 (v2)) jx 
k=1 i=1 
yy Pox, (vd) + (Eo, (i,)(%))” + (Noga, a) | ie 
k=1 i=1 
< { (max{ 2° [Pain (09)? + Ean? + Wad? 
k=1 i=1 
mn 2) 4 
‘ ae | Poyayy(¥) + (Eq, (44) (vi) + (No, (ig) Mi) |}) } ‘ 
k=] 4=1 


k=1 i=1 


= max} 19> [Pa cy)? + Endy? + Moray ??] x 
Pasay? Bs (En, (s))? oF Moxa)? | \ 


Cur ((Q1, At), (Q2, A)) x manc{ (0, An) x (02, Aa)}. 


Cas ((1,A1),(Q2,A2)) <1. 


maf 80 8s)(0a 


By using Definition 3.8, we get Co((M1, Ar), (M2, Ag)) < 1. 
Hence, O0< Ce((Q1, NG); (Qo, Ao)) <1. 
Proofs of (ii) and (iii) are same as in Proposition 3.6. 


3.2. Weighted correlation coefficient for PFHSS. We next present 
the concept of weighted correlation coefficient (WCC) for PFHSS. WCC 
facilitates decision-makers (DMs) to provide different weights for each of 
the alternatives. Consider D = {D1, Do, ..., Dm} and W = {Wi, Wa, ws 
Wr} as weight vectors for alternatives and experts, respectively, such 


m n 
that Dry, W; > 0 and > De, > W, = 1. 
k=1 


i=1 

Definition 3.10. Let ({,A1) and (Q, Az) be two PFHSS. Then, the 
WCC between (;, Ai) and (Q2, Ae) is defined as 

Cua ((M1, Ar), (M2, Aa) 
(1, Ar) y/@(2, Aa) 


(3.6) Coy (91, Ar), (M2, A2)) = 
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> D.( om [Pras cigy ve * Praag (Xn) Pi) + Eo ig) PH * Eg (A) CF 


k=1 i=l 


= Noy in) Mi) * Noro Agy «)}) 


n 


| y Pe [Pay sy? + x,y)? + Wa, (0)?"] )* 


k=1 


(Ee(S>| (Por (igy (0)? + (Eng iy) i)? + C Nog iyo?) ): 


IfD = Cre Snes and W = {oy eyn yesh then WCC given in 
Eq.(6) reduces to CC as in Eq.(4). 


Proposition 3.11. Let (1, Ai) and (Q2, Ae) be two PFHSS. Then, the 
following WCC properties hold: 


(i) 0 S Coy ((Q1, Ar), (M2, Aa) < : 
(ii) Coy ((Qa, Ar), (Q2, Aa) = Cel (Ss, Aa) (91, 41)); 
(iti) If (01, Ai) = (Q2, As), then Coy ((91, Ar), (Q2, Az) = 


Proof. Similar to Proposition 3.6. 


Definition 3.12. Let (1, Ai) and (Q2, Az) be two PFHSS. Then, the 
WCC between (;, Ai) and (Q2Ag2) is defined as 


(3.7) Coy (M1, Ai), (M2, Aa) = = CORA a 
max 1; 1); 25 2 


Co, ((Q41, ea) (Qe, A3)) 
2? (oo [Pare 00) * (Pag (ig) 0) + (Ens iy) CO) * Eng (ig) 0) 
k=1 i=1 

+ (No, (X,) (vi) * Wana.) ) 


max { SoD p.( >| \ (Po (54)? + (En, &,) 0)? + No, i, () ‘)). 


k=1 i=l 
»—P (ES [Pans Va)? + (Eng ig) (0)? + ( Noni)? ) 
k=1 i= 

If D = {i .4... sx,} and W = {SF pas ign ts then WCC given in 


Eq.(7) reduces to CC as in Eq.(5). 


Proposition 3.13. Let (Q1, Aj) and (Q2, Ag) be two PFHSS. Then, the 
following WCC properties hold: 


(i) 0 < Ceyy((M1, Ar), (M2, Av) <1 
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(ii) Coy (M1, Ar), (M2, Av) = Coy ((M2, Ae), (M1, Ar); 
(iit) If (Q1, Ar) = (Qe, Ae), then Coy, ((Q1, Ar), (M2, A2)) = 1 


Proof. Similiar to Proposition 3.6. 


4. AGGREGATION OPERATORS FOR PFHSS 


We now present the concept of picture fuzzy hypersoft weighted aver- 
age operator(PFHSWAO) and picture fuzzy hypersoft weighted geomet- 
ric operator (PFHSWGO) by using operational laws. Let « represent 
the collection of picture fuzzy hypersoft numbers (PFHSNs). 


4.1. Operational laws for PFHSS. 


Definition 4.1. Let Q.,, = (Pu,€u,Mi1) and Q,, = (Piz, E12, N12) 
be two PFHSS and §£ a positive integer. Then, 

(i) Qe, B Ney = (Pur + Paz — PirPiv, E11 + E12 — Err E12, NirN12) ; 

(ii) Qe,, @ Ney = (Pur Piz, €11€12, Mir + M2 — MiiM12) ; 

(iii) 6Qe,, = ([ -— A - Pu)®, (1 — (1 — €11)?, (Mi1)* J); 

(iv) (Qe11)® = ([(Par)?, (E11)?, (1 — (1 —-Mi1)*]). 


4.2. Picture fuzzy hypersoft weighted average operator. 
Definition 4.2. Let D;, and W; be weight vectors for alternatives and 


experts, respectively, such that Dz, W; > 0 and 3 Dy = 1, > W;=1 
k=1 =1 

and Q¢,, = (Pik, €ik, Nix) be a PFHSN, where i = {1,2,...n}, k = 

{1,2,...m}. Then the PFHSWAO A: kK” > & is represented as 


m n 
A(Me14 eyo) +5 Qenm) = B Dr (BD wiQe;,,)- 
i 


Theorem 4.3. Let Qc.,, = (Pik, €ix,Nix) be a PFHSN, where i = 
{1,2,..n}, k = {1,2,...m}. Then, the aggregated value of PFHSWAO 
is also a PFHSN is given by 

ALS ay Meas ed 


€11) 


- (Td (pay) Pe a TL l0- 2) TTT vay)*). 


eEnm 


fn=1, then W, = 1, using Definition 4.1, we get 
A(OQe ’ Qe, ou Qeim) = Or, Dey, 
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If m= 1, then D; = 1, using Definition 4.2, we get 
A(Qe11, ears Qen) = Qj 1WiQ ei1l° 


1 n a n 1 n 
-(- Le a= Py) 415 II TL a-e)”)*TT TT (vay) 
k=1 i=1 k=1 i=1 k=1 i=1 
Hence, the results hold for n = 1 and m= 1. 
Now, if m =1, +1 and n = ly, then, 
1 1p 1 
A esis aia sg Qe tosis) = Dar Del Beg We) 
bye 5 2) 2 EE 15 \P Webt: 1 ae, 
= (- TL e-0)91- TT 20) TT TT 9). 
kal 4S? k=1 i= k=1 i=1 
Similarly, ifm =1,, n = lg + 1, then, 
1 Ig+1 
A(Qe1,, Mera +s Meas gry, ) = Beet Di ( B2t! WiMeig)- 
ly p41 ee ace al ee ly Ig 41 Bods 
= 0- TET @- 90") 1- TET 0-60)" TT CET va)". 
k=1 i=1 k=1 i=1 k=1 j=1 
Now, ifm =1, +1, n=l, +1, then, 
A(Qe1 ? Qe; ea) Qeierie si) 
1,41 154-1 
= @D;( © Wie, 
k=1 L 
1,41 4 
-@ Dz ( (by O25) ® De (Wig Fi ee 555) 
= kath 
AOE ps ees 2d eG east) 
+1 lg 41 
= - TT (TL @- Pa)" @1— TT (Q- Pussy) 2)" 
k=1 it=1 k=) 
+1 Ig itl 
1— TT (TJ @- &4))* @1- TT ((t- Ey gaya) et) 
k=1 i=1 k=1 
i441 lg 4441 
TT (L1 n)9* @ TE (Weasnye) 02)?" ). 
ha14 41 k=1 
bal. tet ner We 1g 41 an 1y+1 lgt1 Se ts 
=(- TECH @- 79) 95.1- TT CTT 60) TT CET 0) %)*). 
k=1 8 k=1 i=1 k=1 i=l 


Hence, the results hold for n = 1l2+1 andm=1], +1. 
Therefore, by induction method, the result is true V m,n > 1. 
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Since, 
0< Pir + Ein + Nix <1. 


m n 


#1- J] ([] G- Pix))"* +1- 


k=1 i=1 k 


Ts 
is 


( 


1 2 


Therefore, the aggregated value given by PFHSWAO is also a PFHSN. 


(1 Ea) ™)P* + (Win) YP <1. 


1 


Example 4.4. Let us consider the same values as in Example 3.2. Also, 
let W; = {0.50, 0.30, 0.20} and D; = {0.14, 0.13, 0.23, 0.20, 0.18, 0.12} be 
the weight of sociologists and attributes, respectively. Then, 

A(Me, ) Qer2, A838 , Qeag) 


= (1 T TL a a)941- TE TT 20) 9* TT (TT 


k=1 it=1 k=1 i=1 


4.3. Picture fuzzy hypersoft weighted geometric operator. 
Definition 4.5. Let D, and W; be weight vectors for alternatives and 
experts, respectively, such that D,, W; > 0 and . Dy = 1, e W;,=1 


k=1 i= 
and Q,, = (Pik, Eik, Nix) be a PFHSN, where i = {1,2,. a k= 
{1,2,...m}. Then the PFHSWGO G : k” — & is defined as 


m n Wi\ Pr 
G(Qe11 Nera; 11) Qenm) = es, : 
@(@(eeu) ) 
Theorem 4.6. Let Q.,, = (Pik, Ein, Nix) be a PFHSN, where i = 


{1,2,..n}, k = {1,2,..m}. Then, the aggregated value of PFHSWGO 
is also a PFHSN is given by 
G(Qer,5 Qeia, ee89 Se 3) 


= (TL 1 0)?" TE (TT ea) ™).1-- TL 


k=1 i=1 k=1 i=1 k=1 7 


is 


[( = Nia)™)*), 


Proof. Similar to Theorem 4.3. 


Example 4.7. Let us consider the same values given in Example 3.2 and 
the weight of sociologists and attributes be as in Example 4.4. Then, 


G(Qeis; Qers, Fy 1 Qesg) 
= (TL TL a), TL (TT @u)”9.1- TT (TL 0 ¥in))?*). 


k=1 i=1 k=1 i=1 k=1 7% 


= 
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5. MCDM PROBLEMS BASED ON TOPSIS AND CC METHOD 


TOPSIS method helps to find the best alternative based on minimum 
and maximum distance from the picture fuzzy positive ideal solution 
(PFPIS) and picture fuzzy negative ideal solution (PFNIS). Also, when 
TOPSIS method is combined with CC instead of similarity measures, 
it provides reliable results for evaluating the closeness coefficients. We 
present an algorithm and a case study to illustrate the PFHSS TOPSIS 
method based on CC. 


5.1. Algorithm to solve MCDM problems with PFHSS data 
based on TOPSIS and CC method. Let A = {A!, A’, ...,A”} be 
a set of selected leaders aspiring to bring in socio-political changes to 
society and V = {v1, v2, ...,Un} bea set of sociologists responsible to eval- 
uate the leaders with weights W; = (Wi, W2,...,; Wn), such that W; > 0 
and ps W,; = 1. Let A= {Xa Ae, ee es \ be a set of multi-valued sub- 
attributes with weights D, = (D1,D2,...,Dm), such that Dy, > 0 and 
s D; = 1. The evaluation of leaders A‘, (¢ = 1,2,...,2) is carried out 
k=1 

by the sociologists vj, (¢ = 1,2,...,n) based on the multi-valued sub- 
attributes Ay, (k = 1,2,...,m) given in PFHSS form and represented as 
Ot, = (Ph, Ef, Ni), subject to the conditions 0 < P§,+é€h+Ni <1V 
i,k. 

Step 1. Construct the matrix for each multi-valued sub-attributes in 
PFHSS form as below: 
[A*, Al iscik = [A laser 


Mi A2 tie Am 
vr (Pi Et Ni1) — (PiarEta Nia) +++ (PimsEtm>Nim) 
Ma (Par 1. Na) (Poa, E32, No) os (Pam Edm Nam?) 
Un (Pte! nl? Nua) (Ph tio Nye) ian (Pam tN) 


Step 2. Obtain the weighted decision matrix for each multi-valued sub- 


attributes, 
[Af,lnxm 
- (1-1 dT e-»0)”) 2 ear Il ( Trae Ws Pm TT ( (T1 Ww) oa, 


k=1 iw=1 k=1 i=1 k= 


Picture fuzzy hypersoft TOPSIS method 101 


Step 3. Determine the PFPIS and PFNIS for weighted PFHSS as below: 
At = (Pt E+, A+) = (PMs), BOs), Maa) ) and 


nxm 


A- a(BO ENO) = (BW, ED), OD), 


where V;; = arg max, {vi,} and Aj; = arg min, {vi,} : 

Step 4. Determine the CC for each alternative from PFPIS and PFNIS. 
Cry (At, At) 

aoe = and 
Cm (At, A-) 

(a(As) « \/@(4-) 

Step 5. Compute the closeness coefficient of picture fuzzy ideal solution 

as: 


x =Co(A', At) = 


Ab =Co(At, A) = 


: 1—. 
€ = ———_ 
2— xt—ré 
Step 6. Arrange the ¢' values in descending order and determine the 
rank of the alternatives A’, (t = 1,2,...,7). The one with the maximum 
value is the best alternative. 


5.2. Application based on TOPSIS and CC method. Let A = 
{ At, A?, A?, A*} be a set of leaders aspiring to bring in socio-political 
changes with their leadership skills and A; and Ag be distinct attribute 
sets whose corresponding sub-attributes are represented as 


A, = leader attributes = {Au = personality variables, 
A12 = cognitive ability and skills}, Ay = leader behaviors 
= {21 = setting sub culture, A22 = conflict management} . 
Then A = A, x Ag is the distinct attribute set is given by 
A = Ay x Ag = {A11, M12} X {Aa1, A229} - 


={n, Aa), (Art, A22), (Ar2; A21)s (Ar, da). 


={i Racha xi} with weights D; = (0.20, 0.25, 0.30, 0.25). 


Let V = {v1, v2, v3, v4} be a set of sociologists responsible to evaluate 
the leaders with weights W; = (0.35, 0.15, 0.30, 0.20). The aim is to find 
a leader who can bring major socio-political changes in a larger way to 
society. 
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Step 1. Construct A!, A?, A? and A* matrices for each multi-valued 


sub-attributes in PFHSS form. 
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TABLE 2. Representation of values in PFHSS form for A!. 


Al M1 d2 A3 M4 

v1 (0.42, 0.34, 0.21) (0.23, 0.48, 0.25) (0.17, 0.70,0.10) (0.23, 0.24, 0.35) 
v2 (0.23, 0.31,0.24) (0.43, 0.30,0.25)  (0.42,0.29,0.12) (0.23, 0.13, 0.45) 
vg (0.13, 0.25,0.35) (0.45, 0.20,0.35) (0.67,0.12,0.19) (0.41, 0.15, 0.34) 
va (0.53,0.11,0.31) (0.52, 0.23,0.19)  (0.49,0.34,0.12) (0.18, 0.23, 0.53) 


TABLE 3. Representation of values in PFHSS form for A?. 


A? M1 r2 A3 ra 

v1 (0.48, 0.27,0.24) (0.23, 0.43,0.25) (0.54,0.22,0.12) (0.32, 0.41, 0.24) 
v2 (0.44, 0.23, 0.21) (0.25, 0.56,0.15) (0.34, 0.33,0.31) (0.42, 0.23, 0.15) 
v3 (0.35, 0.12,0.45) (0.37, 0.32,0.25) (0.45,0.44,0.11) (0.45, 0.11, 0.43) 
vg (0.45, 0.13, 0.35) (0.45, 0.23,0.16) (0.12, 0.55,0.24) (0.34, 0.12, 0.51) 


TABLE 4. Representation of values in PFHSS form for A?. 


As M1 2 A3 dM 

v1 (0.32,0.12,0.34) (0.51,0.21,0.21) (0.21, 0.45, 0.23) (0.63, 0.13, 0.19) 
v2 (0.34,0.42,0.21) (0.54,0.14,0.19) (0.34,0.41,0.21) (0.53, 0.12, 0.25) 
v3 (0.29, 0.23, 0.35) (0.49, 0.23, 0.24) (0.21, 0.31,0.45) (0.23, 0.21, 0.34) 
va (0.35, 0.40,0.24) (0.34,0.41,0.21) (0.45, 0.25,0.19) (0.45, 0.31, 0.17) 


TABLE 5. Representation of values in PFHSS form for A*. 


At M1 2 A3 Mo 

v1 (0.18, 0.46, 0.12) (0.35,0.40,0.24) (0.23, 0.32,0.42) (0.21, 0.34, 0.45) 

v2 (0.47,0.14,0.14) (0.23, 0.40, 0.34) (0.13, 0.34,0.52) (0.41, 0.23, 0.31) 

v3 (0.54, 0.12, 0.23) (0.36, 0.34, 0.26) (0.12, 0.23,0.43) (0.23, 0.34, 0.41) 

v4 (0.42, 0.40,0.16) (0.46, 0.23, 0.31) (0.18, 0.32,0.45) (0.32, 0.50, 0.12) 
Step 2. Obtain A!, A’, A® and A‘, the weighted matrices for each 


multi-valued sub-attributes. 
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TABLE 6. Shows weighted values in PFHSS form for A!. 


Al 


Ai 


r2 


A3 


V1 
v2 
U3 
VA 


(0.0375, 0.0287, 0.8966) 
(0.0079, 0.0111, 0.9581) 
(0.0084, 0.0172, 0.9390) 
(0.0298, 0.0047, 0.9543) 


(0.0227, 0.0557, 0.8858) 
(0.0209, 0.0133, 0.9494) 
(0.0439, 0.0166, 0.9243) 
(0.0361, 0.0130, 0.9204) 


(0.0194, 0.1188, 0.7853) 
(0.0243, 0.0153, 0.9090) 
(0.0950, 0.0115, 0.8612) 
(0.0396, 0.0247, 0.8806) 


At 


vi 


V1 
v2 
U3 
V4 


0.0227, 0.0238, 0.9123) 
0.0098, 0.0053, 0.9705) 
0.0388, 0.0122, 0.9223) 
0.0099, 0.0130, 0.9688) 


Pe oS 


TABLE 7. Shows weighted values in PFHSS form for A? . 


A2 


Ai 


A2 


A2 


VL 
v2 
U3 
VA 


(0.0448, 0.0218, 0.9050) 
(0.0173, 0.0079, 0.9543) 
(0.0256, 0.0077, 0.9533) 
(0.0237, 0.0056, 0.9589) 


(0.0227, 0.0480, 0.8858) 
(0.0108, 0.0304, 0.9314) 
(0.0341, 0.0286, 0.9013) 
(0.0295, 0.0130, 0.9125) 


(0.0784, 0.0258, 0.8005) 
(0.0186, 0.0179, 0.9487) 
(0.0524, 0.0509, 0.8199) 
(0.0077, 0.0468, 0.9180) 


A2 


Av 


V1 
v2 
U3 
V4 


(0.0332, 0.0452, 0.8827) 
(0.0203, 0.0098, 0.9314) 
(0.0439, 0.0088, 0.9387) 
(0.0206, 0.0064, 0.9669) 


TABLE 8. Shows weighted values in PFHSS form for A® . 


A3 


M1 


2 


A3 


U1 
v2 
U3 
vA 


(0.0267, 0.0090, 0.9273) 
(0.0124, 0.0163, 0.9543) 
(0.0204, 0.0156, 0.9390) 
(0.0171, 0.0203, 0.9446) 


(0.0606, 0.0205, 0.8724) 
(0.0287, 0.0057, 0.9397) 
(0.0493, 0.0195, 0.8985) 
(0.0206, 0.0261, 0.9250) 


0.0245, 0.0609, 0.8571) 
0.0186, 0.0235, 0.9322) 
0.0210, 0.0329, 0.9307) 
0.0353, 0.0172, 0.9052) 


we ae RS 


A2 


Av 


V1 
v2 
U3 
V4 


(0.0834, 0.0122, 0.8648) 
(0.0280, 0.0048, 0.9494) 
(0.0195, 0.0176, 0.9223) 
(0.0295, 0.0184, 0.9153) 
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TABLE 9. Shows weighted values in PFHSS form for A? . 
At uM Xo x3 Mi 
v1 (0.0138, 0.0423, 0.8621) (0.0370, 0.0438, 0.8827) (0.0271, 0.0397, 0.9130) 
v2 (0.0189, 0.0046, 0.9428) (0.0098, 0.0190, 0.9604) (0.0063, 0.0186, 0.9711) 
v3 (0.0456, 0.0077, 0.9156) (0.0330, 0.0307, 0.9040) (0.0115, 0.0233, 0.9269) 
va (0.0216, 0.0203, 0.9294) (0.0304, 0.0130, 0.9432) (0.0119, 0.0229, 0.9533) 


At 4 

v1 (0.0205, 0.0358, 0.9326) 
v2 (0.0196, 0.0098, 0.9571) 
v3 (0.0195, 0.0307, 0.9354) 
va (0.0191, 0.0341, 0.8995) 


Step 3. Determine the PFPIS and PFNIS from the weighted matrices, 
Al AP A? atid: Ae. 
(0.0448, 0.0090, 0.8621 


(0.0189, 0.0046, 0.9428 
(0.0456, 0.0077, 0.9156 
( 


0.0606, 0.0205, 0.8724 
0.0287, 0.0057, 0.9314 


( 0.0784, 0.0258, 0.7853 
( 

(0.0493, 0.0166, 0.8985 

( 


) 
0.0243, 0.0153, 0.9090) 
0.0950, 0.0115, 0.8199) 
0.0396, 0.0172, 0.8806) 


At= 


0.0298, 0.0047, 0.9294) (0.0361, 0.0130, 0.9125 


Se Ne 
a 


(0.0834, 0.0122, 0.8648) ] 
(0.0280, 0.0048, 0.9314) 
(0.0439, 0.0088, 0.9223) | 
(0.0295, 0.0064, 0.8995) 


(0.0138, 0.0090, 0.9273 
(0.0079, 0.0046, 0.9581 
(0.0084, 0.0046, 0.9533 
(0.0171, 0.0047, 0.9589 


(0.0227, 0.0205, 0.8858 
(0.0098, 0.0057, 0.9604 
(0.0330, 0.0166, 0.9243 
(0.0206, 0.0130, 0.9432 


0.0194, 0.0258, 0.9130) 
0.0063, 0.0153, 0.9711) 
0.0115, 0.0115, 0.9307) 
0.0077, 0.0172, 0.9533) 


Sa 
Bea nigh ase a 
a a a 


(0.0205, 0.0122, 0.9326) 
(0.0098, 0.0048, 0.9705) 
(0.0195, 0.0088, 0.9387) 
(0.0099, 0.0064, 0.9688) 


Step 4. Determine the CC for the alternatives by using the values of 
PFPIS and PFNIS. 


x! = 0.9989, x? = 0.9993, x? = 0.9989 and ,* = 0.9982. 


At = 0.9985, \? = 0.9988, A? = 0.9993 and \* = 0.9995. 


Step 5. Compute the closeness coefficients of picture fuzzy ideal solu- 
tion as below. 


el = 0.5769, e? = 0.6316, e? = 0.3889 and e* = 0.2174. 
Step 6. Arrange the values in descending order. 


Se eee ren 
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SHSA SA > A, 
Hence, A? is the best leader among the group and can play a significant 
role in bringing socio-political changes to society. 


5.3. Comparative study. We compare the proposed method with ex- 
isting methods. 


TABLE 10. Comparing proposed method with existing methods 


Authors Methods Remarks 
Farooq and Saqlain [7] neutrosophic HSS TOPSIS method In this method, the values of truth, 
indeterminacy, and falsity are independent. 


Fatma and Cengiz [8] spherical fuzzy TOPSIS method Single attribute function is 
defined to solve MCDM problems. 


Proposed method picture fuzzy HSS TOPSIS method Dependent grades between positive, 
neutral and negative and have used multi-attributes function. 


6. CONCLUSIONS 


In this study, we have introduced the notion of PFHSS and established 
some of its properties. We have developed the concept of PFHSWAO 
and PFHSWGO by using operational laws. Also, we have proposed a 
real-life application using the TOPSIS method based on CC. We have 
applied CC instead of the usual distance or similarity measures in the 
TOPSIS method to evaluate the closeness coefficients. Finally, we have 
discussed the merits of the proposed method with existing methods. 
Future work may include the study of the proposed method with existing 
hybrid structures like interval-valued PFHSS, cubic PFHSS, cubic HSS, 
cubic intuitionistic fuzzy HSS, octahedron HSS, and cubic hesitant fuzzy 
HSS. 
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